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(57) ABSTRACT

There is provided a light emitting apparatus provided with a
pixel circuit which is provided with a plurality of transistors
including a first transistor and a light emitting element in
which a current is supplied by the first transistor, in which, in
at least one of the plurality of transistors, a wiring is con-
nected to a gate electrode at a position overlapping a channel
region in plan view.
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1
LIGHT EMITTING APPARATUS AND
ELECTRONIC DEVICE WITH COMPACT
OVERLAPPING CONNECTION REGION

BACKGROUND

1. Technical Field

The present invention relates to a light emitting apparatus
and an electronic device.

2. Related Art

In the related art, as a display apparatus of an electronic
device, a light emitting apparatus in which a plurality of
organic electroluminescence (hereinafter, abbreviated as EL)
elements are arranged in a matrix, has been used (for
example, JP-A-2007-148216).

In JP-A-2007-148216, as a circuit for driving an organic
EL, a pixel circuit provided with a plurality of transistors is
described.

However, in the light emitting apparatus as described
above, since a gate electrode and a gate wiring of a transistor
were formed on the same layer, it is necessary to provide a
wiring so as not to overlap a transistor in plan view, and thus
the miniaturization of a pixel circuit became difficult.

In regards to this problem, a configuration in which a gate
electrode and a wiring are separated to respectively provide
on other layers has been proposed (for example, JP-A-2013-
113868).

According to such a configuration, since it is possible to
provide a wiring at the position overlapping a transistor in
plan view, it is possible to miniaturize a pixel circuit in com-
parison with a case where a gate electrode layer serves as a
wiring.

However, in the configuration as described above, since the
gate electrode and the wiring are connected at a part for a
connection wiring (a contact pad portion) provided outward
than a channel region in the gate electrode, it was necessary to
form the gate electrode larger than the channel region. There-
fore, there have been problems such that there was a limita-
tion to miniaturize a pixel circuit.

SUMMARY

An advantage of some aspects of the invention is to provide
a light emitting apparatus capable of further miniaturizing a
pixel circuit and an electronic device provided with such a
light emitting apparatus.

According to an aspect of the invention, there is provided a
light emitting apparatus provided with a pixel circuit which is
provided with a plurality of transistors including a first tran-
sistor and a light emitting element in which a current is
supplied by the first transistor, in which, in at least one of the
plurality of transistors, a wiring is connected to a gate elec-
trode at a position overlapping a channel region in plan view.

In the light emitting apparatus according to an aspect of the
invention, since, in at least one of the plurality of transistors,
the wiring is connected to the gate electrode at the position
overlapping the channel region in plan view, it is not neces-
sary to provide a contact pad portion for a connection wiring
outward than the channel region in the gate electrode. There-
fore, the size of the gate electrode can be set to approximately
equal to that of the channel region. Thereby, in the light
emitting apparatus according to an aspect of the invention, it
is possible to obtain the light emitting apparatus capable of
further miniaturizing the pixel circuit.

The plurality of transistors preferably include a selecting
transistor provided between a gate of the first transistor and a
signal line for inputting a signal into a gate of the first tran-
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sistor, in which the selecting transistor may be set to a con-
figuration in which a wiring is connected to a gate electrode at
a position overlapping a channel region in plan view.

According to this configuration, it is possible to miniatur-
ize the selecting transistor and, as a result, it is possible to
miniaturize the pixel circuit.

The plurality of transistors preferably include a compen-
sation transistor provided between a gate of the first transistor
and one current terminal of the first transistor, in which the
compensation transistor may be set to a configuration in
which a wiring is connected to a gate electrode at a position
overlapping a channel region in plan view.

According to this configuration, it is possible to miniatur-
ize the compensation transistor and, as a result, it is possible
to miniaturize the pixel circuit.

The plurality of transistors preferably include a light emit-
ting control transistor provided between the first transistor
and the light emitting element, in which the light emitting
control transistor may be set to a configuration in which a
wiring is connected to a gate electrode at a position overlap-
ping a channel region in plan view.

According to this configuration, it is possible to miniatur-
ize the light emitting control transistor and, as a result, it is
possible to miniaturize the pixel circuit.

The plurality of transistors preferably include a reset tran-
sistor for feeding a predetermined reset potential in the light
emitting element, in which the reset transistor may be setto a
configuration in which a wiring is connected to a gate elec-
trode at a position overlapping a channel region in plan view.

According to this configuration, it is possible to miniatur-
ize the reset transistor and, as a result, it is possible to minia-
turize the pixel circuit.

The first transistor is preferably set to a configuration in
which a wiring is connected to a gate electrode at a position
overlapping a channel region in plan view.

According to this configuration, it is possible to miniatur-
ize the first transistor and, as a result, it is possible to minia-
turize the pixel circuit.

The pixel circuit is preferably set to a configuration having
a characteristic compensation circuit.

According to this configuration, since it is possible to sup-
press a variation in threshold voltage of the first transistor for
supplying a current to the light emitting element, it is possible
to stabilize a current which is supplied to the light emitting
element.

The wiring is preferably set to a configuration in which the
wiring is provided on a different layer from that on which the
plurality of transistors are provided.

According to this configuration, a wiring is easily con-
nected to a gate electrode at a position overlapping a channel
region in plan view.

The wiring is preferably set to a configuration in which the
wiring overlaps at least two of the plurality of transistors in
plan view.

According to this configuration, it is possible to further
miniaturize the pixel circuit.

According to a further aspect of the invention, there is
provided a light emitting apparatus provided with a pixel
circuit which is provided with a plurality of transistors includ-
ing a first transistor and a light emitting element in which a
current is supplied by the first transistor, in which the plurality
of transistors include a second transistor provided between
the first transistor and the light emitting element and in which,
in the second transistor, a wiring is connected to a gate elec-
trode at a position overlapping a channel region in plan view.

In the light emitting apparatus according to an aspect of the
invention, since, in the second transistor, the wiring is con-
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nected to the gate electrode at the position overlapping the
channel region in plan view, it is not necessary to provide a
contact pad portion for a connection wiring in the gate elec-
trode of the second transistor, and thus it is possible to make
the gate electrode small. Therefore, in the light emitting appa-
ratus according to the aspect of the invention, it is possible to
obtain the light emitting apparatus capable of further minia-
turizing the pixel circuit.

A position at which the wiring in the gate electrode is
connected is preferably set to a configuration in which a
position is closer to a current terminal of the side which
becomes a high potential of a pair of current terminals with
the gate electrode therebetween.

According to this configuration, it is possible to suppress a
variation in threshold voltage of the transistor.

The light emitting element is preferably set to a configu-
ration in which the light emitting element is an organic elec-
troluminescence element.

According to this configuration, it is possible to use the
light emitting apparatus as a display apparatus of an elec-
tronic device.

According to a still further aspect of the invention, there is
provided an electronic device provided with the light emitting
apparatus.

In the electronic device according to an aspect of the inven-
tion, since the light emitting apparatus is provided, it is pos-
sible to further miniaturize the electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be described with reference to the
accompanying drawings, wherein like numbers reference like
elements.

FIG. 1is a plan view showing a light emitting apparatus of
a first embodiment.

FIG. 2 is a circuit diagram showing a pixel circuit of a first
embodiment.

FIG. 3 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 4 is a view showing a pixel circuit of the first embodi-
ment and is a sectional view of Iv-Iv in FIG. 3.

FIG. 5 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 6 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 7 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 8 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 9 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 10 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 11 is a plan view showing a pixel circuit of the first
embodiment.

FIG. 12 is a plan view showing a pixel circuit of the first
embodiment.

FIGS. 13A to 13E are sectional views showing a procedure
of' a method of forming a relay electrode in a first embodi-
ment.

FIGS. 14A and 14B are explanatory views for explaining
an effect of a first embodiment.

FIGS. 15A and 15B are explanatory views for explaining
an arrangement position of a contact hole.

FIG. 16 is a plan view showing another example of a first
embodiment.
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FIG. 17 is a circuit diagram showing a pixel circuit of a
second embodiment.

FIG. 18 is a plan view showing a pixel circuit of the second
embodiment.

FIG. 19 1is a plan view showing a pixel circuit of the second
embodiment.

FIG. 20 is a circuit diagram showing a pixel circuit of a
third embodiment.

FIG. 21 is a plan view showing a pixel circuit of the third
embodiment.

FIG. 22 is a plan view showing a pixel circuit of the third
embodiment.

FIG. 23 is a view showing an example of an electronic
device of the embodiment.

DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Hereinafter, description will be given of a light emitting
apparatus and an electronic device according to an embodi-
ment of the invention with reference to drawings.

Moreover, a range of the invention is not limited to the
following embodiments and can be arbitrarily changed within
arange of a technical idea of the invention. In addition, in the
following drawings, there are some cases where a scale reduc-
tion, the number, and the like in an actual structure are made
different from those in each structure so as to easily under-
stand each configuration.

Light Emitting Apparatus
First Embodiment

FIG. 1 is a plan view showing a light emitting apparatus
100 of the embodiment.

As shown in FIG. 1, the light emitting apparatus 100 of the
embodiment is an organic EL. apparatus in which the light
emitting element using an organic EL material is formed on a
semiconductor substrate 10. The light emitting apparatus 100
is, for example, an organic light emitting diode (OLED). The
semiconductor substrate 10 is a plate-like member which is
formed of a semiconductor material such as silicon and is
used as a base material in which a plurality of light emitting
elements are formed.

As shown in FIG. 1, a display region 11, a peripheral region
12, and a mounting region 13 are provided on the surface of
the semiconductor substrate 10. The display region 11 is a
region in a rectangular shape in which a plurality of pixel
circuits P are arrayed. In display region 11, a plurality of
scanning lines (wirings) 22 extending in an X direction, a
plurality of control lines (wirings) 24 extending in an X
direction in response to each scanning line 22, and a plurality
of'signal lines 26 extending in a Y direction intersecting with
an X direction are formed. The pixel circuit P is a region in
response to each intersection between a plurality of scanning
lines 22 and a plurality of signal lines 26. Therefore, a plu-
rality of pixel circuits P are arrayed in a matrix shape over an
X direction and a Y direction.

The peripheral region 12 is a region in a rectangular frame
shape surrounding the display region 11. A driving circuit 30
is provided in the peripheral region 12. The driving circuit 30
is a circuit which drives each pixel circuit P in the display
region 11. The driving circuit 30 includes two scanning line
driving circuits 32 and a signal line driving circuit 34. The
light emitting apparatus 100 is a circuit built-in type display
apparatus configured of an active element such as a transistor
in which the driving circuit 30 is directly formed on the
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surface of the semiconductor substrate 10. Moreover, a
dummy pixel which does not directly contribute to an image
display may be formed in the peripheral region 12.

The mounting region 13 is provided in a region on the
opposite side to the display region 11 with the peripheral
region 12 therebetween (that is, the outside of the peripheral
region 12). In the mounting region 13, a plurality of mounting
terminals 38 are arrayed. A control signal or a power source
potential is supplied to the mounting terminal 38 from various
kinds of external circuits (not shown) such as a control circuit
or a power source circuit. The external circuit is mounted on,
for example, a wiring substrate (not shown) which is joined to
the mounting region 13 and is flexible.

FIG. 2 is a circuit diagram showing one pixel circuit P11 in
a display region 11.

As shown in FIG. 2, the pixel circuit P11 is provided with
a light emitting element 45, a driving transistor (first transis-
tor) TDR, a selecting transistor T1, a light emitting control
transistor (second transistor) T2, a compensation transistor
T3, a reset transistor T4, and a capacitive element C. More-
over, in the first embodiment, the transistors TDR and T1 to
T4 in the pixel circuit P11 are configured of a P channel type
transistor, however, can be configured of an N channel type
transistor. It is possible to operate this pixel circuit P11, for
example, as a method of driving shown in F1IG. 13A to FIG. 17
and an illustration thereof in JP-A-2013-088611.

The light emitting element 45 is an electrooptic element in
which a light emitting functional layer 450 including a light
emitting layer using an organic ELL material is interposed
between a pixel electrode (anode) 451 and a common elec-
trode (cathode) 452. The pixel electrode 451 is independently
formed for a pixel circuit P and the common electrode 452 is
continuously formed over a plurality of pixel circuits P. As
shown in FIG. 2, the light emitting element 45 is arranged on
a current path connecting a first power source conductor 41
with a second power source conductor 42. The first power
source conductor 41 is a power source wiring in which a
power source potential VEL on the high potential side is
supplied. The second power source conductor 42 is a power
source wiring in which a power source potential VCT on the
low potential side is supplied.

The driving transistor TDR is connected in series with
respect to the light emitting element 45 on a current path
connecting the first power source conductor 41 with the sec-
ond power source conductor 42. Specifically, one terminal
(source) of a pair of current terminals of the driving transistor
TDR is connected to the first power source conductor 41. The
other terminal (drain) of a pair of current terminals of the
driving transistor TDR is connected to the pixel electrode 451
of the light emitting element 45. The driving transistor TDR
generates a driving current equivalent to the current amount
corresponding to the voltage between the gate and the source
itself.

The selecting transistor T1 shown in FIG. 2 functions as a
switch for controlling a conduction state (conduction/non-
conduction) between the signal line 26 and the gate of the
driving transistor TDR. The gate of the selecting transistor T1
is connected to the scanning line 22. The source of the select-
ing transistor T1 is connected to the signal line 26. The drain
of the selecting transistor T1 is connected to the gate of the
driving transistor TDR, the drain of the light emitting control
transistor T2, and a first electrode C1 of the capacitive ele-
ment C described below.

Moreover, in an operation in a characteristic compensation
described below, since the direction of a current which flows
to the selecting transistor T1 is reversed, the relation between
the source and the drain of the selecting transistor T1 becomes
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reverse, however, in the embodiment in the specification, in a
period in which a potential corresponding to the gradation
level of the light emitting element is written to the gate of the
driving transistor, description will be given of the relation
between the source and the drain in the direction of a current
which flows to the selecting transistor.

The light emitting control transistor T2 is connected in
series between the driving transistor TDR and the light emit-
ting element 45. Specifically, the source of the light emitting
control transistor T2 is connected to the drain of the driving
transistor TDR and the drain of the light emitting control
transistor T2 is connected to the pixel electrode 451 of the
light emitting element 45. The gate of the light emitting
control transistor T2 is connected to the control line 24.

In the light emitting control transistor T2, the ON/OFF is
controlled by a control signal which is input from the scan-
ning line driving circuit 32 (refer to FIG. 1) into the gate
through the control line 24. In a state in which the light
emitting control transistor T2 is controlled into an ON state,
the driving current is supplied to the light emitting element 45
through the light emitting control transistor T2 from the driv-
ing transistor TDR. At that time, the light emitting element 45
emits light with brightness corresponding to the current
amount of the driving current. In a state in which the light
emitting control transistor T2 is controlled into an OFF state,
the supply of the driving current to the light emitting element
45 is interrupted. At that time, the light emitting element 45 is
turned off.

The capacitive element C is an electrostatic capacity in
which a dielectric is interposed between a first electrode C1
and a second electrode C2. The first electrode C1 is connected
to the gate of the driving transistor TDR. The second elec-
trode C2 is connected to the first power source conductor 41
(the source of the driving transistor TDR). Therefore, the
capacitive element C retains the voltage between the gate and
the source of the driving transistor TDR.

The compensation transistor T3 is a transistor for compen-
sating a variation in current value which is supplied to the
light emitting element 45 caused by a variation in threshold
voltage of the driving transistor TDR. The source of the
compensation transistor T3 is connected to the drain of the
driving transistor TDR and the source of the light emitting
control transistor T2. The drain of the compensation transis-
tor T3 is connected to the gate of the driving transistor TDR.
The gate of the compensation transistor T3 is connected to a
control line (wiring) 23. In the compensation transistor T3,
the ON/OFF is controlled by a control signal from the control
line 23.

When the compensation transistor T3, the driving transis-
tor TDR, and the selecting transistor T1 turn to an ON state, a
current which flows to the source and the drain of the driving
transistor TDR flows to the signal line 26 through the com-
pensation transistor T3 and the selecting transistor T1. Here,
in the embodiment, a first capacitive electrode Cpl of a
capacitive element Cp is connected to the signal line 26.
Thereby, as to the potential from the gate of the driving
transistor TDR to the first capacitive electrode Cpl of the
capacitive element Cp, the voltage between the source and the
gate of the driving transistor TDR increases toward a thresh-
old voltage. Ideally, as to the potential from the gate of the
driving transistor 151 to the first capacitive electrode Cpl of
the capacitive element Cp, the voltage between the source and
the gate of the driving transistor 151 reaches the threshold
voltage and a current which flows to the source and the drain
of the driving transistor 151 stops flowing. When the com-
pensation transistor 153 turns to an OFF state, the voltage
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between the source and the gate of this driving transistor 151
is stored in the capacitive element C.

Then, in an OFF state of the compensation transistor T3,
when a signal corresponding to the gradation level of the light
emitting element 45 is input into a second capacitive elec-
trode Cp1 of the capacitive element Cp, the potential from the
gate of the driving transistor TDR to the first capacitive elec-
trode Cpl is sifted upward corresponding to the gradation
level. Thereby, the voltage value between the source and the
gate of the driving transistor TDR becomes a value in which
the voltage corresponding to the gradation level is added to
the threshold voltage. That is, the voltage between the source
and the gate of the driving transistor TDR becomes a value in
which the threshold voltage is compensated. Therefore, it is
possible to stably supply a current corresponding to the gra-
dation level, with respect to the light emitting element 45,
regardless of the value of the threshold voltage of the driving
transistor TDR.

As described above, the threshold voltage characteristics
of the driving transistor TDR are compensated. That is, the
pixel circuit P11 has a characteristic compensation circuit
configured of the compensation transistor T3, the capacitive
element Cp, or the like.

The reset transistor T4 is a transistor for resetting the poten-
tial ofthe light emitting element 45. The source of the reset T4
is connected to the drain of the light emitting control transis-
tor T2 and the pixel electrode 451 of the light emitting ele-
ment 45. The drain of the reset transistor T4 is connected to a
third power source conductor 27. The third power source
conductor 27 is a power source wiring to which the potential
(reset potential) resetting the light emitting element 45 is
supplied. The gate of the reset transistor T4 is connected to a
control line (wiring) 25. In the reset transistor T4, the
ON/OFF is controlled by a control signal from the control line
25.

In a period in which the light emitting element 45 is ini-
tialized, the reset transistor T4 turns to an ON state and the
light emitting control transistor T2 turns to an OFF state.
Thereby, the light emitting element 45 is connected to third
power source conductor 27 through the reset transistor T4 and
the potential of the light emitting element 45 is reset to the
potential of the third power source conductor 27.

There are some cases where a parasitic capacitance is gen-
erated in the light emitting element 45, and when the parasitic
capacitance is generated, the voltage between the pixel elec-
trode 451 and the common electrode 452 of the light emitting
element 45 due to the parasitic capacitance is retained. There-
fore, for example, in a case such that the light emitting ele-
ment 45 is changed from the high brightness state to the low
brightness state, the high voltage in the high brightness state
is retained in the parasitic capacitance, and thus an excessive
current flows to the light emitting element 45 and it becomes
difficult to set the light emitting element 45 to the low bright-
ness state.

In contrast, it becomes easy to change the light emitting
element 45 from the high brightness state to the low bright-
ness state by resetting the potential of the light emitting ele-
ment 45 using the reset transistor T4 as described above.

The signal line driving circuit 34 shown in FIG. 1 supplies
an image signal supplied from the external circuit in parallel
with respect to a plurality of signal lines 26 for a writing
period (horizontal scanning period) as a gradation potential
(data signal) corresponding to the gradation prescribed for a
pixel circuit P. On the other hand, the scanning line driving
circuit 32 sequentially selects each of a plurality of scanning
lines 22 for a writing period by supplying a scanning signal to
each of a plurality of scanning lines 22. The selecting tran-
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sistor T1 in the pixel circuit P in response to the scanning line
22 selected by the scanning line driving circuit 32 transits to
an ON state. At this time, the gradation potential is supplied to
the gate of the driving transistor TDR in each pixel circuit P
through the signal line 26 and the selecting transistor T1 and
the voltage corresponding to the gradation potential is
retained in the capacitive element C.

On the other hand, when the selection of the scanning line
22 in a writing period is finished, the scanning line driving
circuit 32 controls the light emitting control transistor T2 in
the pixel circuit P in response to the control line 24 to an ON
state by supplying a control signal to each control line 24.
Therefore, the driving current corresponding to the voltage
retained in capacitive element C in a writing period immedi-
ately before is supplied to the light emitting element 45 from
the driving transistor TDR through the light emitting control
transistor T2. As describe above, when the light emitting
element 45 emits light with brightness corresponding to the
gradation potential, an arbitrary image specified by an image
signal is displayed in the display region 11.

Next, description will be given of a specific configuration
of the pixel circuit P11.

FIG. 3 is a plan view schematically showing a pixel circuit
P11. FIG. 4 is a sectional view of IV-IV in FIG. 3. FIG. 5 to
FIG. 12 are plan views showing a case of viewing each layer
in FIG. 4 in plan view. In FIG. 5 to FIG. 12, hatching similar
to FIG. 4 is added to each element in common with FIG. 4 for
the sake of convenience, from the viewpoint of facilitating the
visual grasping of each element.

In the embodiment, each transistor is, for example, a metal
oxide semiconductor field effect transistor (MOSFET).

Each of the transistors TDR, T1, T2, T3, and T4 of the
embodiment is formed on the surface of the semiconductor
substrate 10 as shown in FIG. 4. In more detail, each of the
transistors TDR, T1, T2, T3, and T4 is formed by using a p
type well 17 formed on the surface of an N type base sub-
stance 16 in the semiconductor substrate 10. Moreover, as to
the light emitting control transistor T2 and the reset transistor
T4, an illustration is omitted in FIG. 4.

As shown in FIG. 3, the driving transistor TDR is provided
with an element portion EDR and a gate electrode GDR. In
the element portion EDR, a source region ASDR, a drain
region ADDR, and a channel region ACDR are formed.

The selecting transistor T1 is provided with an element
portion E1 and a gate electrode G1. In the element portion E1,
asource region AS1, a drain region AD1, and a channel region
AC1 are formed.

The light emitting control transistor T2 is provided with an
element portion E2 and a gate electrode G2. In the element
portion E2, a source region AS2, a drain region AD2, and a
channel region AC2 are formed.

The compensation transistor T3 is provided with an ele-
ment portion E3 and a gate electrode G3. In the element
portion E3, a source region AS3, a drain region AD3, and a
channel region AC3 are formed. In the embodiment, the drain
region AD3 of the compensation transistor T3 also functions
as a drain region AD1 of the selecting transistor T1.

The reset transistor T4 is provided with an element portion
E4 and a gate electrode G4. In the element portion E4, a
source region AS4, a drain region AD4, and a channel region
AC4 are formed.

Moreover, in the embodiment, since the configurations of
each transistor are similar, there are some cases where
description will be given of only driving transistor TDR on
behalf of each transistor in the following description.

As shown in FIG. 3 and FIG. 4, the element portions EDR,
E1, and E3 are formed in the well 17 of the semiconductor
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substrate 10. An illustration is omitted in FIG. 4 but the
element portions E2 and E4 of the light emitting control
transistor T2 and the reset transistor T4 are the same as the
element portions EDR, E1, and E3.

In the embodiment, as shown in FIG. 3 and FIG. 4, as to the
element portion E1 of the selecting transistor T1 and the
element portion E3 of the compensation transistor T3, the
drain region AD1 and the drain region AD3 are in common,
respectively. In addition, as shown FIG. 4, the element portion
EDR of the driving transistor TDR and the element portions
E1 and E3 of the selecting transistor T1 and the compensation
transistor T3 are formed in an island shape mutually isolated
by a groove portion (trench) 10A formed in the well 17 of the
semiconductor substrate 10. In FIG. 4, an illustration is omit-
ted but the element portions E2 and E4 of the light emitting
control transistor T2 and the reset transistor T4 are formed in
an island shape mutually isolated in the same way.

The groove portion 10A which defines each element por-
tion is a region in which the well 17 formed on the surface of
the semiconductor substrate 10 is partially removed.

The depth DT of the groove portion 10A exemplified FIG.
4 is a distance between the surface of the semiconductor
substrate 10 (well 17) and the bottom surface of the groove
portion 10A. The depth DT of'the groove portion 10A is set to
a size (for example, approximately several hundred nm)
within a range, for example, from 300 nm to 1,000 nm. As
understood from FIG. 4, the depth DT of the groove portion
10A is below the thickness DW of the well 17 (DT<DW).
Therefore, the bottom surface of the groove portion 10A is
configured of the well 17.

An element isolation portion 54 is formed inside of the
groove portion 10A (that is, between each element portion).
The element isolation portion 54 functions as an element for
electrically insulating (element isolation) each transistor.
That is, in the embodiment, the element isolation portion 54
having a shallow trench isolation (STI) structure which elec-
trically isolates each transistor is formed. Specifically, the
element isolation portion 54 isolates the driving transistor
TDR, the selecting transistor T1, and the compensation tran-
sistor T3, and the light emitting control transistor T2 and the
reset transistor T4 (not shown).

As shown in FIG. 4, the thickness (the depth of the groove
portion 10A) DT of the element isolation portion 54 in the
embodiment exceeds the thicknesses DF of the source region
ASDR and the drain region ADDR. Therefore, there is an
advantage in which a leak of current between the source
region and the drain region of each transistor adjacent to each
other is suppressed (it is possible to certainly isolate each
transistor) in comparison with a configuration in which the
thickness DT of the element isolation portion 54 is below the
thickness DF of the source region ASDR or the drain region
ADDR.

In the embodiment, as shown in FIG. 3 and FIG. 5, each
element portion is formed in a belt-like shape extending in a
Y direction in plan view (XY surface view).

The element portion EDR of the driving transistor TDR
and the element portion E4 of the reset transistor T4 are
arranged so that the length direction becomes a Y direction
and are provided side by side along a virtual straight line K1
parallel to a’Y direction.

The element portion E1 of the selecting transistor T1 and
the element portion E3 of the compensation transistor T3, and
the element portion E2 of the light emitting control transistor
T2 are arranged so the length direction becomes a'Y direction
and are provided side by side along a virtual straight line K2
parallel to a’Y direction.
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The virtual straight line K1 and the virtual straight line K2
are provided side by side in an X direction. That is, the
element portions of five transistors in the pixel circuit P11 of
the embodiment are provided side by side in two lines.

Moreover, in the embodiment, the length direction of the
element portion in the transistor means a direction in which
the source region and the drain region described below are
aligned.

As shown in FIG. 3 and FIG. 4, the source region ASDR
and the drain region ADDR are a region formed at each
position with the gate electrode therebetween in plan view in
the element portion EDR of the driving transistor TDR. The
source region ASDR and the drain region ADDR are a region
having a predetermined thickness in which reverse-conduc-
tion type (that is, N type) impurity ions are introduced and
diffused with respect to the p type well 17.

An insulation layer 50 is formed on the face of the semi-
conductor substrate 10 (well 17) on which the element por-
tion EDR is formed. The insulation layer 50 is formed of, for
example, an inorganic material having insulation properties
such as a silicon compound (typically, silicon nitride or sili-
con oxide) and is configured by including an insulation film
52 and the element isolation portion 54. The insulation film
52 is a part located on the face of each element portion in the
insulation layer 50 and functions as a gate insulation film of
each transistor.

As shown in FIG. 4 and FIG. 6, the gate electrode GDR is
formed on the face of the insulation layer 50. That is, the
element portion EDR is opposed to the gate electrode GDR
with the insulating film 52 therebetween (insulation layer 50).
A part overlapping the gate electrode GDR in plan view in a
region sandwiched by the source region ASDR and the drain
region ADDR in the element portion EDR becomes the chan-
nel region ACDR.

As shown in FIG. 5 and FIG. 6, the channel width WDR of
the driving transistor TDR exceeds the channel width W1 of
the selecting transistor T1 and the channel width W2 of the
compensation transistor T3. In the embodiment, the channel
width W1 of the selecting transistor T1 is nearly equal to the
channel width W2 of the compensation transistor T3. The
channel width WDR of the driving transistor TDR is, for
example, 500 nm.

As shown in FIG. 3, the gate electrode GDR of the driving
transistor TDR is electrically connected to the drain region
AD1 of the selecting transistor T1 through a relay electrode
QA3. In the embodiment, the relay electrode (wiring) QA3 is
electrically connected to the gate electrode GDR of the driv-
ing transistor TDR through a contact hole HAS8. In the
embodiment, the contact hole HAS8 is provided at the position
overlapping the channel region ACDR in plan view. In other
words, in the driving transistor TDR, the gate electrode GDR
is connected to the relay electrode QA3 at the position over-
lapping the channel region ACDR in plan view.

The gate electrode G1 of the selecting transistor 71 is
electrically connected to the scanning line 22 through a con-
tacthole HA1. The scanning line 22 is provided by extending
in an X direction so as to pass above the driving transistor
TDR and the selecting transistor T1. In other words, the
scanning line 22 is provided so as to overlap the driving
transistor TDR and the selecting transistor T1 in plan view.

The contact hole HA1 is provided at the position overlap-
ping the channel region AC1 in plan view. In other words, in
the selecting transistor T1, the gate electrode G1 is connected
to the scanning line 22 at the position overlapping the channel
region AC1 in plan view. The contact hole HA1 is provided at
the position closer to the source region AS1 (closerto +Y) in
the gate electrode G1.
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The gate electrode G2 of the light emitting control transis-
tor T2 is electrically connected to the control line 24 through
a contact hole H2. The control line 24 is provided by extend-
ing in an X direction so as to pass above the light emitting
control transistor T2 and the reset transistor T4. In other
words, the control line 24 is provided so as to overlap the light
emitting control transistor T2 and the reset transistor T4 in
plan view.

The contacthole H2 is provided at the position overlapping
the channel region AC2 in plan view. In other words, in the
light emitting control transistor T2, the gate electrode G2 is
connected to the control line 24 at the position overlapping
the channel region AC2 in plan view. The contact hole H2 is
provided at the position closer to the source region AS2
(closer to +Y) in the gate electrode G2.

The gate electrode G3 of the compensation transistor T3 is
electrically connected to the control line 23 through a contact
hole HA2. The control line 23 is provided by extending in an
X direction so as to pass above the driving transistor TDR and
the compensation transistor T3. In other words, the control
line 23 is provided so as to overlap the driving transistor TDR
and the compensation transistor T3 in plan view.

The contact hole HA2 is provided at the position overlap-
ping the channel region AC3 in plan view. In other words, in
the compensation transistor T3, the gate electrode G3 is con-
nected to the control line 23 at the position overlapping the
channel region AC3 in plan view. The contact hole HA2 is
provided at the position closer to the source region AS3
(closer to —-Y) in the gate electrode G3.

The gate electrode G4 of the reset transistor T4 is electri-
cally connected to the control line 25 through a contact hole
H4. The control line 25 is provided by extending in an X
direction so as to pass above the light emitting control tran-
sistor T2 and the reset transistor T4. In other words, the
control line 25 is provided so as to overlap the light emitting
control transistor T2 and the reset transistor T4 in plan view.

The contacthole H4 is provided at the position overlapping
the channel region AC4 in plan view. In other words, in the
reset transistor T4, the gate electrode G4 is connected to the
control line 25 at the position overlapping the channel region
AC4 in plan view. The contact hole H4 is provided at the
position closer to the source region AS4 (closer to -Y) in the
gate electrode G4.

As exemplified in FIG. 4, a multilayer wiring layer in
which a plurality of insulation layers L. (LA to LF) and a
plurality of wiring layers W (WA to WF) are alternately
laminated is formed on the face of the insulation layer 50 on
which the gate electrode of each transistor described above is
formed. Each insulation layer L. is formed of, for example, an
inorganic material having insulation properties such as a sili-
con compound (typically, silicon nitride or silicon oxide). In
addition, each wiring layer W is formed of a conductive
material having low resistance and containing aluminum,
silver, or the like. Moreover, in description below, the relation
of which a plurality of elements are collectively formed
through the same process by selectively removing a conduc-
tive layer (single layer or plural layers) is written as “formed
from the same layer”.

Hereinafter, description will be given of a multilayer wir-
ing layer in detail.

Moreover, in the embodiment, description will be given
with reference to a section of IV-1V in FIG. 3, that is, FIG. 4
showing sections of the driving transistor TDR, the selecting
transistor T1, and the compensation transistor T3, as a
description of a multilayer wiring layer.

An insulation layer LA in FIG. 4 is formed on the face of
the insulation layer 50 (insulation film 52) on which the gate
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electrode of each transistor are formed. As shown in FIG. 4
and FIG. 7, a conductor pattern including the scanning line
22, the control line 23, and a plurality of relay electrodes QA
(QA1 to QA4) is formed from the same layer (wiring layer
WA) on the face of the insulation layer LA. As described
above, the scanning line 22 is conducted to the gate electrode
G1 of the selecting transistor T1 through the contact hole
HAT1 penetrating the insulation layer LA and the control line
23 is conducted to the gate electrode G3 of the compensation
transistor T3 through the contact hole HA2 penetrating the
insulation layer LA.

A relay electrode QA1 is conducted to the source region
ASDR of the driving transistor TDR through a contact hole
HA3 penetrating the insulation layer LA and the insulation
layer 50. As understood from FIG. 4 and FIG. 7, a relay
electrode QA2 is conducted to the drain region ADDR of'the
driving transistor TDR through a contact hole HA4 penetrat-
ing the insulation layer LA and the insulation layer 50 and is
conducted to the source region AS3 of the compensation
transistor T3 through a contact hole HAS penetrating the
insulation layer LA and the insulation layer 50. Thereby, the
drain region ADDR of the driving transistor TDR is con-
nected to the source region AS3 of the compensation transis-
tor T3.

The relay electrode QA3 is conducted to the drain region
ADI1 of the selecting transistor T1 and the drain region AD3
of'the compensation transistor T3 through a contact hole HA6
penetrating the insulation layer LA and the insulation layer 50
and is conducted to the gate electrode GDR of the driving
transistor TDR through a contact hole HA8 penetrating the
insulation layer LA. That is, the gate electrode GDR of the
driving transistor TDR is connected to the drain region AD1
of'the selecting transistor T1 and the drain region AD3 of the
compensation transistor T3.

A relay electrode QA4 is conducted to the source region
AS1 ofthe selecting transistor T1 through a contact hole HA7
penetrating the insulation layer LA and the insulation layer
50.

An insulation layer LB in FIG. 4 is formed on the face of
the insulation layer LA on which the wiring layer WA is
formed. As shown in FIG. 4 and FIG. 8, a conductor pattern
including the signal line 26, the third power source conductor
27, and a plurality of relay electrodes QB (QB1 to QB3) is
formed from the same layer (wiring layer WB) on the face of
the insulation layer LB. Moreover, in FIG. 8, an illustration of
the third power source conductor 27 is omitted.

As understood from FIG. 8, the signal line 26 is formed in
a straight line shape by extending in a Y direction and is
conducted to the relay electrode QA4 of the wiring layer WA
through a contact hole HB1 penetrating the insulation layer
LB. That is, as understood from FIG. 4 and FIG. 8, the signal
line 26 is conducted to the source region AS1 of the selecting
transistor T1 through the relay electrode QA4. In addition, the
relay electrode QB1 is conducted to the relay electrode QA1
of'the wiring layer WA through a contact hole HB2 penetrat-
ing the insulation layer LB. The relay electrode QB2 is con-
ducted to the relay electrode QA3 (the gate electrode GDR of
the driving transistor TDR) of the wiring layer WA through
the contact hole HB2 penetrating the insulation layer LB. The
relay electrode QB3 is conducted to the relay electrode QA2
of'the wiring layer WA through a contact hole HB3 penetrat-
ing the insulation layer LB.

An insulation layer L.C in FIG. 4 is formed on the face of
the insulation layer LB on which the wiring layer WB is
formed. As exemplified in FIG. 4 and FIG. 9, a conductor
pattern including a first conductive layer 61 and a relay elec-
trode QC1 is formed from the same layer (wiring layer WC)
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on the face of the insulation layer L.C. The first conductive
layer 61 is continuously formed over whole display region 11
to configure the first power source conductor 41 in FIG. 2.
Specifically, the first conductive layer 61 is electrically con-
nected to the mounting terminal 38 (refer to FIG. 1) to which
a high-order side power source potential VEL is supplied and
is conducted to the relay electrode QB1 of the wiring layer
WB through a contact hole HC1 penetrating the insulation
layer LC as understood from FIG. 4 and FIG. 9. That is, the
power source potential VEL which is supplied to the mount-
ing terminal 38 reaches the source region ASDR of the driv-
ing transistor TDR through the first conductive layer 61, the
relay electrode QB1, and the relay electrode QAL1.

As exemplified in FIG. 9, in the first conductive layer 61, an
opening portion 71 is formed for a pixel circuit P. The relay
electrode QC1 is formed inside the opening portion 71. The
relay electrode QC1 is conducted to the relay electrode QB2
of'the wiring layer WB through a contact hole HC2 penetrat-
ing the insulation layer L.C.

An insulation layer LD in FIG. 4 is formed on the face of
the insulation layer LC on which the wiring layer WC is
formed. As shown in FIG. 4 and FIG. 10, a conductor pattern
including a first electrode C1 of the capacitive element C is
formed from the same layer (wiring layer WD) on the face of
the insulation layer LD. As understood from FIG. 10, the first
electrode C1 is independently formed for a pixel circuit P and
is conducted to the relay electrode QC1 of the wiring layer
WC through a contact hole HD1 penetrating the insulation
layer LD. Thereby, the first electrode C1 of the capacitive
element C is electrically connected to the gate electrode GDR
of the driving transistor TDR, the drain region AD1 of the
selecting transistor T1, and the drain region AD3 of the com-
pensation transistor T3 through the relay electrode QC1, the
relay electrode QB2, and the relay electrode QA3.

As shown in FIG. 4 and FIG. 10, a relay electrode QD1 is
conducted to the first conductive layer 61 of the wiring layer
WC through the contact hole HD2 penetrating the insulation
layer LD.

In FIG. 4, a configuration in which the insulation layer LD
is formed by laminating a first layer LD1 and a second layer
LD2 is exemplified. An auxiliary electrode 62 is formed on
the face of the first layer LD1 (between the first layer LD1 and
the second layer .D2). The first electrode C1 formed on the
face of the insulation layer LD (second layer 1.D2) is con-
ducted to the auxiliary electrode 62 through a plurality of
contact holes penetrating the second layer LD2. The auxiliary
electrode 62 is an auxiliary electrode for increasing the
capacitance value of the capacitive element C. Moreover, a
configuration in which the auxiliary electrode 62 is omitted (a
configuration in which the insulation layer LD is formed with
a single layer) can also be employed.

Aninsulation layer LE in FIG. 4 is formed on the face of the
insulation layer LD on which the wiring layer WD is formed.
As shown in FIG. 4 and FIG. 11, a conductor pattern includ-
ing a second conductive layer 63 is formed from the same
layer (wiring layer WE) on the face of the insulation layer LE.
The wiring layer WE is formed of a conductive material
having light reflecting properties and containing silver or
aluminum.

The second conductive layer 63 is continuously formed
over whole display region 11 in the same way as the first
conductive layer 61 and is conducted to the relay electrode
QD1 of the wiring layer WD through a contact hole HE1
penetrating the insulation layer LE. That is, the second con-
ductive layer 63 is electrically connected to the first conduc-
tive layer 61 (refer to F1G. 9) through the relay electrode QD1.
Therefore, the high-order side power source potential VEL is
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supplied to the second conductive layer 63 in the same way as
the first conductive layer 61. As understood from the above-
described description, the second conductive layer 63 config-
ures the first power source conductor 41 in FIG. 2 together
with the first conductive layer 61.

In FIG. 4, a configuration in which an insulation layer LE
is formed by laminating a first layer LE1 and a second layer
LE2is exemplified. An auxiliary electrode 64 is formed on the
face of the first layer LE1 (between the first layer LE1 and the
second layer LE2). The second conductive layer 63 formed on
the face of the insulation layer LE (second layer LE2) is
conducted to the auxiliary electrode 64 through a plurality of
contact holes penetrating the second layer LE2. The auxiliary
electrode 64 is an auxiliary electrode for increasing the elec-
trostatic capacitance of the capacitive element C in the same
way as the auxiliary electrode 62. Moreover, a configuration
in which the auxiliary electrode 64 is omitted (a configuration
in which the insulation layer LE is formed with a single layer)
can also be employed.

As understood from the above-described description, the
capacitance in which the insulation layer LD is interposed
between the first conductive layer 61 and the first electrode
C1 (auxiliary electrode 62) and the capacitance in which the
insulation layer LE is interposed between the second conduc-
tive layer 63 (auxiliary electrode 64) and the first electrode C1
function as a capacitive element C described above with
reference to FIG. 2. As understood from the above-described
description, the first conductive layer 61 and the second con-
ductive layer 63 function as a second electrode C2 which
forms the capacitive element C between the first power source
conductor 41 which supplies the power source potential VEL
and the first electrode C1.

Aninsulation layer LF in FIG. 4 is formed on the face of the
insulation layer LE on which the wiring layer WE is formed.
A conductor pattern (wiring layer WF) (not shown) is formed
on the face of the insulation layer LF. The wiring layer WF is
formed of, for example, a conductive material having light
shielding properties (for example, titanium nitride).

As exemplified in FIG. 4, an optical path adjusting layer 66
is formed on the face of the insulation layer LF on which the
wiring layer WF is formed. The optical path adjusting layer
66 is a film body having light transmissivity which defines a
resonance wavelength of a resonance structure in each pixel
circuit P and is formed of an insulating material having light
transmissivity such as a silicon compound (typically, silicon
nitride or silicon oxide). The pixel electrode 451 is indepen-
dently formed on the face of the optical path adjusting layer
66 for a pixel circuit P. The pixel electrode 451 is formed of,
for example, an insulating material having light transmissiv-
ity such as indium tin oxide (ITO).

As shown in FIG. 12, the pixel electrode 451 is an electrode
in an approximately rectangular shape which functions as an
anode of the light emitting element 45. An illustration is
omitted in FIG. 4 to FIG. 12 but the contact hole penetrating
each layer is formed in the insulation layers LA to LF and the
optical path adjusting layer 66 and the relay electrode is
formed in the contact hole of each layer. Thereby, the pixel
electrode 451 is electrically connected to the drain region
AD2 of the light emitting control transistor T2.

As shown in FIG. 4, a pixel defining layer 68 is formed over
the entire area of the semiconductor substrate 10 on the face
of the optical path adjusting layer 66 on which the pixel
electrode 451 is formed. The pixel defining layer 68 is formed
of, for example, an inorganic material having insulation prop-
erties such as a silicon compound (typically, silicon nitride or
silicon oxide). An opening portion 69 in response to the pixel
electrode 451 is formed on the pixel defining layer 68. FIG.
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12, the inner peripheral edge of the opening portion 69 on the
pixel defining layer 68 is written down together by a broken
line.

As exemplified in FIG. 4, the light emitting functional layer
450 is formed on the face of the optical path adjusting layer 66
on which the pixel electrode 451 and the pixel defining layer
68 are formed. The light emitting functional layer 450 is
formed in the entire area of the display region 11 and is
continuously provided over a plurality of pixel circuits P. The
light emitting functional layer 450 of the embodiment is
configured by including a light emitting layer formed of an
organic EL. material and emits white light by supplying a
current. White light is light having a spectrum which is over a
wavelength region of blue color, a wavelength region of green
color, and a wavelength region of red color and at least two
peaks are observed in a wavelength region of visible light.
Moreover, it is possible to include a transport layer or an
injection layer of an electron or ahole which is supplied to the
light emitting layer in the light emitting functional layer 450.

As shown in FIG. 4, the common electrode 452 which
functions as a cathode of the light emitting element 45 is
formed on the face of the light emitting functional layer 450.
The common electrode 452 is formed in the entire area of the
semiconductor substrate 10 so as to continue over a plurality
of pixel circuits P and is electrically connected to the mount-
ing terminal 38 in which the power source potential VCT is
supplied. Moreover, in actuality, a sealing layer having light
transmissivity which prevents intrusion of an outside air and
moisture is formed in the entire area of the semiconductor
substrate 10 so as to cover the common electrode 452, how-
ever, an illustration thereof is omitted in FIG. 4.

As shown in FIG. 4, in the light emitting functional layer
450, a region (light emitting region) sandwiched by the pixel
electrode 451 and the common electrode 452 inside the open-
ing portion 69 of the pixel defining layer 68 emits light. That
is, a part of which the pixel electrode 451, the light emitting
functional layer 450, and the common electrode 452 are lami-
nated inside the opening portion 69 of the pixel defining layer
68 functions as a light emitting element 45. As understood
from description described above, the pixel defining layer 68
defines a planar shape or a size of the light emitting element
45 in each pixel circuit P. The light emitting apparatus 100 of
the embodiment is, for example, a micro display in which the
light emitting element 45 are arranged with very high defini-
tion. For example, an area (an area of the opening portion 69
of one pixel defining layer 68) of one light emitting element
45 is set to 40 um? or less and the interval of each light
emitting element 45 adjacent with each other in an X direction
is setto 1.5 pm or less.

The common electrode 452 functions as a semitransmis-
sive reflecting layer having properties (semitransmissive
reflecting properties) in which a part of light which reaches
the surface is transmitted and the rest is reflected. For
example, when a conductive material having light reflecting
properties such as an alloy containing silver or magnesium is
formed into a sufficient thin film thickness, the common
electrode 452 having semitransmissive reflecting properties
is formed. After white light emitted from the light emitting
functional layer 450 reciprocates between the second conduc-
tive layer 63 (first power source conductor 41) and the com-
mon electrode 452 and a component of a specific resonance
wavelength is selectively amplified, white light is transmitted
through the common electrode 452 and injected to the obser-
vation side (the opposite side of the semiconductor substrate
10). That is, the resonance structure resonating the injected
light from the light emitting functional layer 450 between the
second conductive layer 63 which functions as a reflecting
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layer and the common electrode 452 which functions as a
semitransmissive reflecting layer is formed.

The above-described optical path adjusting layer 66 is an
element for independently setting a resonance wavelength
(display color) of a resonance structure for a display color of
each pixel circuit P. Specifically, the resonance wavelength of
injected light of each pixel circuit P is set for a display color
by appropriately adjusting an optical path length (optical
distance) between the second conductive layer 63 configuring
the resonance structure and the common electrode 452 cor-
responding to the film thickness of the optical path adjusting
layer 66.

The above is the specific structure of the light emitting
apparatus 100 of the embodiment.

Next, description will be given of a method of forming a
relay electrode electrically connected to a gate electrode, a
source region, and a drain region of each transistor in the
embodiment.

FIGS. 13 A to 13E are sectional views showing a procedure
of a method of forming a relay electrode connected to a
transistor of the embodiment.

Firstly, as shown in FIG. 13A, the insulation layer LA
which covers a gate electrode G is formed on the upper face of
the gate electrode G side of the transistor T.

Next, as shown in FIG. 13B, a resist layer R1 on which a
patterning PT1 is formed, is formed on an upper face LAa of
the insulation layer LA. The patterning PT1 is formed by
removing a resist at the position corresponding to the position
of the contact hole formed on the drain region AD and the
source region AS.

A method of forming the resist layer R1 is not particularly
limited, and the resist layer R1 may be formed by exposing
and developing to form the patterning PT1 after the resist is
applied onto the upper face LAa of the insulation layer LA or
the resist layer R1 in which the patterning PT1 is directly
formed on the upper face [LAa of the insulation layer LA using
a screen printing method or the like, may be formed.

Next, the resistlayer R1 is used as a mask and the insulation
layer LA and the insulation film 52 are etched. A method of
etching is not particularly limited and, for example, dry etch-
ing may be used or wet etching may be used.

Thereby, a contact hole HD penetrating the insulation layer
LA and the insulation film 52 to the drain region AD in a
lamination direction (in a vertical direction in the drawing)
and a contact hole HS penetrating the insulation layer LA and
the insulation film 52 to the source region AS in a lamination
direction are formed. After the contact holes HD and HS are
formed, the resist layer R1 is removed.

Next, as shown in FIG. 13C, a resist layer R2 on which a
patterning P12 is formed, is formed on the upper face LAa of
the insulation layer LA. The patterning PT2 is formed by
removing a resist at the position corresponding to the position
of the contact hole formed on the gate electrode G. As a
method of forming the resist layer R2, the same method can
be selected as that of the resist layer R1 described above.

Next, the resist layer R2 is used as a mask and the insulation
layer LA is etched. A method of etching is not particularly
limited like the above and, for example, dry etching may be
used or wet etching may be used.

Thereby, a contact hole HG penetrating the insulation film
52 to the gate electrode G in a lamination direction is formed.
After the contact hole HG is formed, the resist layer R2 is
removed.

Next, as shown in FIG. 13D, a conductive material having
low resistance and containing aluminum, silver or the like is
adhered into the contact holes HG, HD, and HS. A method of
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adhering the conductive material is not particularly limited
and, for example, a deposition method, a sputtering method,
or the like can be selected.

Then, the surfaces of the conductive material and the insu-
lation layer LA are polished and a plug PG electrically con-
nected to the gate electrode G, a plug PD electrically con-
nected to the drain region AD, and a plug PS electrically
connected to the source region AS are formed.

Next, as shown in FIG. 13E, a film is formed on the upper
face LAa of the insulation layer LA using the conductive
material and contact pads QGa, QDa, and QSa consisting of
the same layer are formed.

A method of forming the contact pads QGa, QDa, and QSa
is not particularly limited, and may be a method of patterning
by etching after the conductive material is applied onto the
upper face LAa of the insulation layer LA or may be a method
of directly forming the contact pad on the upper face LAa of
the insulation layer LA using a screen printing method or the
like.

The contact pad QGa is electrically connected to the gate
electrode G through the plug PG. The contact pad QDa is
electrically connected to the drain region AD through the plug
PD. The contact pad QSa is electrically connected to the
source region AS through the plug PS.

By the above way, a relay electrode QG electrically con-
nected to the gate electrode G, a relay electrode QD electri-
cally connected to the drain region AD, and a relay electrode
QS electrically connected to the source region AS are formed.

According the embodiment, since, in each transistor, the
gate electrode is connected to each wiring at the position
overlapping the channel region in plan view, it is possible to
miniaturize the pixel circuit P11. Hereafter, description will
be given in detail.

FIG. 14A is a plan view showing a transistor T10 of Com-
parative Example provided with a contact pad portion for a
wiring connection in a gate electrode. As shown in FIG. 14A,
the transistor T10 is provided with a gate electrode G10, a
drain region AD10, and a source region AS10.

A contact pad portion GP10 projecting outward than the
channel region AC10 is provided in the gate electrode G10. In
such a transistor T10, a contact hole H10 for connecting to the
wiring is provided on the contact pad portion GP10. In other
words, the contact hole H10 is provided at the position not
overlapping the channel region AC10 in plan view.

In the transistor T10, since the contact pad portion GP10 is
provided, the size of the gate electrode G10 becomes larger in
comparison with that of the channel region AC10, and as a
result, there is a problem in which the width of the whole
transistor became larger. Therefore, there is a limitation to
miniaturize the pixel circuit which was configured by arrang-
ing a plurality of transistors.

On the other hand, FIG. 14B is a plan view showing a
transistor T5 of the embodiment. As shown in FIG. 14B, the
transistor T5 is provided with a gate electrode G5, a drain
region ADS5, and a source region AS5.

In regard to the above-described problem, according to the
transistor T5 of the embodiment, the gate electrode G5 is
connected to the wiring at the position overlapping a channel
region ACS5 in plan view. In other words, a contact hole HS
connecting the gate electrode G5 with the wiring is provided
atthe position overlapping a channel region AC5 in plan view.
Therefore, it is not necessary to provide the contact pad por-
tion for a wiring connection in the gate electrode G5, and thus
it is possible to make the size of the gate electrode G5 in plan
view nearly the same size as the channel region AC5. Thereby,
as shown in FIGS. 14A and 14E, in the transistor T5 of the
embodiment, it is possible to reduce the length in a width
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direction (X direction) in comparison with the transistor T10
of Comparative Example. Therefore, according to the
embodiment, it is possible to obtain the light emitting appa-
ratus capable of further miniaturizing the pixel circuit.

Specifically, further description will be given of an effect of
the embodiment with reference to FIG. 3.

According to the embodiment, it is possible to reduce a
distance between the driving transistor TDR and the reset
transistor T4, and the selecting transistor T1, the light emit-
ting control transistor T2, and the compensation transistor T3
shown in FIG. 3, that is, a distance D1 between the virtual
straight line K1 and the virtual straight line K2 in comparison
with a case where the contact hole is provided at the position
not overlapping the channel region in plan view. In addition,
it is possible to form the signal line 26 and the third power
source conductor 27 at the position which is closer to each
transistor. Therefore, according to the embodiment, it is pos-
sible to further reduce the width (the length in an X direction)
D2 of'the pixel circuit P11 and it is possible to miniaturize the
pixel circuit.

In addition, according to the embodiment, the compensa-
tion circuit for compensating a variation in supply current to
the light emitting element 45 due to a variation in threshold
voltage of the driving transistor TDR is incorporated in the
pixel circuit P11. Therefore, it is possible to stably supply a
current corresponding to the gradation level to the light emit-
ting element 45. Thereby, even in a case where the threshold
voltage of the driving transistor TDR varies, it is possible to
suppress a variation in brightness of the light emitting ele-
ment 45 by the contact in which the gate electrode and the
wiring are connected being formed at the position overlap-
ping the channel in plan view.

In addition, in the channel region of the transistor, the
closer a region at a high potential side among the source
region and the drain region is, the smaller an electric field
generated by the gate electrode is. This is because that the
voltage between the region at a high potential side and the
gate electrode becomes higher than the voltage between the
region at a low potential side and the gate electrode. Thereby,
even a case where the contact hole is provided at the position
overlapping the channel region in plan view, it is possible to
reduce an influence on a variation in threshold voltage of the
transistor by providing the contact hole connecting the gate
electrode with the wiring closer to the region at a high poten-
tial side among the source region and the drain region, that is,
at the position in which an effect of the electric field is small.

FIG. 15A is a plan view showing a setting position of a
contact hole in a P channel type transistor. FIG. 15B is a plan
view showing a setting position of a contact hole in an N
channel type transistor.

As shown in FIG. 15A, in the P channel type transistor, in
acase where a contact hole H is provided on the gate electrode
G at the position overlapping the channel region AC in plan
view, it is preferable that the contact hole Hbe provided closer
to the source region AS. This is because the source region AS
becomes a high potential side and the drain region AD
becomes a low potential side since a carrier serves as a hole in
the P channel type transistor.

On the other hand, as shown in FIG. 155, in the N channel
type transistor, in a case where the contact hole H is provided
on the gate electrode G at the position overlapping the chan-
nel region AC in plan view, it is preferable that the contact
hole H be provided closer to the drain region AD. This is
because the drain region AD becomes a high potential side
and the source region AS becomes a low potential side since
acarrier serves as an electron in the N channel type transistor.
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According to the embodiment, as shown in FIG. 3, a con-
necting position of the gate electrode with each wiring in the
selecting transistor T1, the light emitting control transistor
T2, the compensation transistor T3, and the reset transistor T4
is set closer to the source region on the gate electrode.

In the embodiment, since the transistor is the p channel
type, it is possible to suppress a variation in threshold voltage
of the transistor by providing the contact hole closer to the
source region.

In addition, in the embodiment, as shown in FIGS. 13B and
13C, the depth DS from the upper face LAa of the insulation
layer LA to the drain region AD and the source region AS is
different from the depth DG from the upper face LAa of the
insulation layer LA to the gate electrode G. Specifically, the
depth DS from the upper face [LAa of the insulation layer LA
to the drain region AD and the source region AS is larger than
the depth DG from the upper face [LAa of the insulation layer
LA to the gate electrode G. Therefore, if the contact holes HD
and HS of'the drain region AD and the source region AS and
the contact hole HG of the gate electrode G are hypothetically
etched once to be formed, there was a risk of causing damage
to the gate electrode G.

In contrast, according to the embodiment, the contact holes
of the drain region AD and the source region AS and the
contact hole of the gate electrode G are formed in different
processes. Therefore, it is possible to select an etching
method corresponding to the depths of the contact holes
formed respectively and it is possible to suppress causing
damage to the gate electrode G.

In addition, according to the embodiment, since each wir-
ing connected to the transistor is provided on the multilayer
wiring layer laminated on the transistor, it is possible to
arrange so that the wiring overlaps the transistor in plan view
and thus it is possible to miniaturize the pixel circuit. In
addition, thereby, according to the embodiment, the contact
hole is easily formed at the position overlapping the channel
region in plan view.

Moreover, in the embodiment, the following configuration
can also be employed.

In the embodiment described above, all transistors
included in the pixel circuit P11 are set to a configuration in
which the gate electrode is connected to each wiring at the
position overlapping the channel region in plan view, how-
ever, are not limited thereto.

In the embodiment, for example, like a pixel circuit P12
shown in FIG. 16, only some transistors may be set to a
configuration in which the gate electrode is connected to each
wiring at the position overlapping the channel region in plan
view.

In the pixel circuit P12 shown in FIG. 16, the gate electrode
is connected to the wiring at the position overlapping the
channel region in plan view in the selecting transistor T1, the
light emitting control transistor T2, and the compensation
transistor T3. On the other hand, in a driving transistor TDRa,
a contact pad portion GP11 is provided in a gate electrode
GDRa and the contact hole HA8 is provided in the contact pad
portion GP11. In a reset transistor T4a, a contact pad portion
GP12 is provided in a gate electrode G4a and the contact hole
H4 is provided on the contact pad portion GP12.

As in the embodiment, in a case where five transistors are
arranged side by side in two lines, by connecting the gate
electrode with the wiring at the position overlapping the
channel region in plan view in the transistor provided in any
one of lines, it is possible to reduce the width of line thereof,
and thus it is possible to reduce the width D3 of the pixel
circuit P12. In the embodiment, it is possible to reduce the
width of line consisting of the selecting transistor T1, the light
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emitting control transistor T2, and the compensation transis-
tor T3, that is, line of the transistor along the virtual straight
line K2.

In addition, in the embodiment, the pixel circuit P12 may
also be set to a configuration in which, in the driving transistor
and the reset transistor, the gate electrode is connected to the
wiring at the position overlapping the channel region in plan
view and in the selecting transistor, the light emitting control
transistor, and the compensation transistor, the gate electrode
is connected to the wiring in the contact pad portion. In this
case, it is possible to reduce the width of line consisting of the
driving transistor and the reset transistor, that is, line of the
transistor along the virtual straight line K1, and thus it is
possible to reduce the width of the pixel circuit.

Second Embodiment

A second embodiment differs in not providing with the
compensation transistor and the reset transistor in compari-
son with the first embodiment.

Moreover, as to the same configuration as the embodiment
described above, there are some cases where description is
omitted by appropriately attaching the same reference numer-
als or the like.

FIG. 17 is a circuit diagram showing a pixel circuit P21 of
the embodiment. FIG. 18 and FIG. 19 are plan views sche-
matically showing a pixel circuit P21 of the embodiment. In
FIG. 18, an illustration of a wiring and a contact hole is
omitted.

As shown in FIG. 17, the pixel circuit P21 of the embodi-
ment is provided with a driving transistor (first transistor)
TDR1, a selecting transistor T11, the light emitting control
transistor T2, and the capacitive element C.

The driving transistor TDR1 and the selecting transistor
T11 has the same functions as the driving transistor TDR and
the selecting transistor T1 of the first embodiment.

In the driving transistor TDR1, the source thereof is con-
nected to the first power source conductor 41, the drain
thereof is connected to the source of the light emitting control
transistor T2, and the gate thereof is connected to the drain of
the selecting transistor and the first electrode C1 of the capaci-
tive element C.

In the selecting transistor T11, the source thereof is con-
nected to the signal line 26 and the drain thereof is connected
to the gate of the driving transistor TDR1 and the first elec-
trode C1 of the capacitive element C.

The light emitting control transistor T2 is provided
between the driving transistor TDR1 and the light emitting
element 45. In the light emitting control transistor T2, the
source thereof is connected to the drain of the driving tran-
sistor TDR1 and the drain thereof is connected to the pixel
electrode 451 of the light emitting element 45, and the gate
thereof is connected to the control line 24.

In the embodiment, as shown in FIG. 18, each of the tran-
sistors TDR1, T11, and T2 is provided with element portions
EDRI1, E11, and E2 extending in a Y direction, and gate
electrodes GDR1, G11, and G2. The element portion EDR1
of'the driving transistor TDR1, the element portion E11 ofthe
selecting transistor T11, and the element portion E2 of the
light emitting control transistor T2 are respectively arranged
so that the length direction becomes a'Y direction.

The selecting transistor T11 and the light emitting control
transistor T2 are provided side by side in a length direction (Y
direction) at one side (+X side) of the driving transistor
TDR1. That is, the driving transistor TDR1, the selecting
transistor T11, and the light emitting control transistor T2 are
arranged so as to be in two lines.
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The gate electrode GDR1 of the driving transistor TDR1
has a contact pad portion GP21 projecting to the selecting
transistor T11 side (+X side). The contact pad portion GP21
is provided at the position not overlapping a channel region
ACDRI1 of the driving transistor TDR1 in plan view.

The selecting transistor T11 has a contact pad portion
GP22 projecting to the driving transistor TDR1 side (-X
side). The contact pad portion GP22 is provided at the posi-
tion not overlapping a channel region AC11 of the selecting
transistor T11 in plan view.

As shown in FIG. 18 and FIG. 19, the gate electrode GDR1
of the driving transistor TDR1 is connected to a relay elec-
trode (wiring) Q21 through a contact hole H21 in the contact
pad portion GP21. The gate electrode G11 of the selecting
transistor T11 is connected to the scanning line 22 through a
contact hole H22 in the contact pad portion GP22. In the light
emitting control transistor T2, the gate electrode G2 is con-
nected to the control line 24 through a contact hole H23 at the
position overlapping the channel region AC2 in plan view.

According to the embodiment, since, in the light emitting
control transistor T2, the gate electrode G2 is connected to the
control line 24 at the position overlapping the channel region
AC2 in plan view, it is possible to further miniaturize the pixel
circuit P21 in the same way as the first embodiment.

Moreover, in the embodiment, the pixel circuit P21 may be
set to a configuration in which, in any one of or both of the
driving transistor TDR1 and the selecting transistor T11, the
gate electrode is connected to each wiring at the position
overlapping the channel region in plan view.

Third Embodiment

The third embodiment differs in not providing with a rest
transistor, with respect to the first embodiment.

Moreover, as to the same configuration as the embodiment
described above, there are some cases where description will
be omitted by appropriately attaching the same reference
numerals.

FIG. 20 is a circuit diagram showing a pixel circuit P31 of
the embodiment. FIG. 21 and FIG. 22 are plan views sche-
matically showing a pixel circuit P31 of the embodiment. In
FIG. 21, an illustration of a wiring and a contact hole is
omitted.

As shown in FIG. 20, the pixel circuit P31 of the embodi-
ment is provided with the driving transistor TDR, a selecting
transistor T12, the light emitting control transistor T2, a com-
pensation transistor T32, and the capacitive element C.

The selecting transistor T12 and the compensation transis-
tor T32 have the same functions as the selecting transistor T1
and the compensation transistor T3 of the first embodiment.

The connection of each transistor is the same as the circuit
diagram shown in FIG. 2 in the first embodiment, except not
providing with the rest transistor.

In the embodiment, as shown in FIG. 21, each of the tran-
sistors TDR, T12, T2, and T32 is provided with the element
portions EDR, E12, E2, and E32 extending in a Y direction,
and the gate electrodes GDR, G12, G2, and G32. The element
portion EDR of the driving transistor TDR, the element por-
tion E11 of the selecting transistor T12, the element portion
E2 of'the light emitting control transistor T2, and the element
portion E32 of the compensation transistor T32 are respec-
tively arranged so that the length direction becomes a Y
direction.

The selecting transistor T12 and the compensation transis-
tor T32 are arranged side by side at one side (+X side) of the
driving transistor TDR in a length direction (Y direction).
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That is, the driving transistor TDR1, the selecting transistor
T11, and the light emitting control transistor T2 are arranged
so as to be in two lines.

The light emitting control transistor T2 is provided at the
upper side (=Y side) than the driving transistor TDR, the
selecting transistor T12, and the compensation transistor 132
as shown in the drawing and is provided between the driving
transistor TDR, the selecting transistor T12, and the compen-
sation transistor T32 in a width direction (X direction).

As shown in FIG. 21 and FIG. 22, in the gate electrode
GDR of the driving transistor TDR, the gate electrode GDR is
connected to a relay electrode (wiring) Q31 through a contact
hole H31 at the position overlapping the channel region
ACDR in plan view. In the selecting transistor T12, the gate
electrode G12 is connected to the scanning line 22 through a
contact hole H32 at the position overlapping a channel region
AC12 in plan view. In the light emitting control transistor T2,
the gate electrode G2 is connected to the control line 24
through a contact hole H33 at the position overlapping the
channel region AC2 in plan view. In the compensation tran-
sistor T32, the gate electrode (G32 is connected to the control
line 23 through a contact hole H34 at the position overlapping
a channel region AC32 in plan view.

According to the embodiment, since, in each transistor, the
gate electrode is connected to each wiring at the position
overlapping the channel region in plan view, it is possible to
further reduce the width D4 of the pixel circuit P31 in the
same way as the first embodiment.

Moreover, in the embodiment, the pixel circuit P31 may be
set to a configuration in which, in some of each transistor, the
contact pad portion for a wiring connection is provided in the
gate electrode. In other words, in the embodiment, the pixel
circuit P31 may be set to a configuration in which, in some of
each transistor, the gate electrode is connected to each wiring
at the position not overlapping the channel region in plan
view.

Electronic Device

The light emitting apparatus 100 exemplified in each
embodiment described above is suitably used as a display
apparatus of various kinds of electronic devices.

FIG. 23 is a schematic configuration view showing a head
mounted type display apparatus 90 (head mounted display:
HMD) using a light emitting apparatus 100 of the first
embodiment as an example of an electronic device.

The display apparatus 90 is an electronic device capable of
mounting to ahuman head and is provided with a transmitting
portion (lens) 921 overlapping a left eye of a user, a transmit-
ting portion 92R overlapping a right eye of a user, a light
emitting apparatus 100L. and a half mirror 94L for a left eye,
and a light emitting apparatus 100R and a half mirror 94R for
a right eye. The light emitting apparatus 100L. and the light
emitting apparatus 1008 are arranged so that the injected light
travels mutually in opposite directions. The half mirror 941
for a left eye allows the transmitted light in the transmitting
portion 92L to transmit through a left eye side of a user and
allows the injected light from the light emitting apparatus
100L to reflect toward a left eye side of a user. In the same
way, the half mirror 94R for a right eye allows the transmitted
light in the transmitting portion 92R to transmit through a
right eye side of a user and allows the injected light from the
light emitting apparatus 100R to reflect toward a right eye side
of a user.

Therefore, a user perceives an image in which an image
observed through the transmitting portion 921 and the trans-
mitting portion 92R and a display image by each of the light
emitting apparatuses 1001 and 100R are superposed. In addi-
tion, it is possible to allow a user to perceive a stereoscopic
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effect of the display image by displaying a stereographic
image (an image for a left eye and an image for a right eye) to
which a parallax is mutually applied on the light emitting
apparatus 1001, and the light emitting apparatus 100R.

Moreover, the electronic device to which the light emitting
apparatus in each embodiment is applied is not limited to the
display apparatus 90 in FIG. 23. For example, the light emit-
ting apparatus of the embodiment is also suitably used in an
electronic view finder (EVF) used in an imaging apparatus
such as a video camera or a still camera. In addition, the light
emitting apparatus of the embodiment can be applied to vari-
ous kinds of electronic devices such as a portable phone, a
portable information terminal (smartphone), a monitor such
as a television or a personal computer, or a car navigation
apparatus.

In addition, in the example of the electronic device
described above, the light emitting apparatus 100 of the first
embodiment is used as a light emitting apparatus, however,
the electronic device is not limited thereto and it is needless to
say that any light emitting apparatus of the second embodi-
ment and the third embodiment may be used.

In the transistor in the first embodiment to the third
embodiment, the channel region is formed in the same region
as the gate electrode and the transistor has the so-called self-
alignment structure. However, the transistor may be config-
ured so that a part of the source region or/and the drain region
overlaps the gate electrode or there may be a space between
the gate electrode and the source region or/and the drain
region.

The transistor in the first embodiment to the third embodi-
ment has the source region, the gate electrode, the drain
region, and the channel region. The source region or/and the
drain region may be configured of two kinds of impurity
regions which are a low impurity concentration region and a
high impurity concentration region. That is, the transistor in
the first embodiment to the third embodiment may have a
lightly doped drain (LDD) structure. Owing to an LDD struc-
ture, it is possible to suppress the occurrence of hot carrier.
Furthermore, the transistor may be configured so that a low
impurity concentration region overlaps the gate electrode in
plan view.

Here, in at least one of a plurality of transistors, the gate
electrode may be connected to the wiring at the position
overlapping at least a part of the source region or/and the drain
region in plan view.

The pixel circuit P11 of the first embodiment or the pixel
circuit P31 of the third embodiment may be operated as a
method of driving shown in FIG. 13A to FIG. 17 and an
illustration thereof'in JP-A-2013-088611 or can be appropri-
ately modified.

In addition, the pixel circuit P11 of the first embodiment or
the pixel circuit P31 of the third embodiment may be driven
by the so-called current program system. In this case, the
capacitive element Cp which is connected to the signal line 26
is omitted. A current corresponding to the voltage between
the source and the gate of the driving transistor TDR may be
supplied from the driving transistor TDR to the light emitting
element 45, by turning the selecting transistor T12 and the
compensation transistor T32 in FIG. 20 to an ON state, turn-
ing the light emitting control transistor T2 to an OFF state,
flowing a signal current corresponding to the gradation level
to the signal line 26, conducting the programming after the
voltage between the source and the gate of the driving tran-
sistor TDR is set to the voltage corresponding to the signal
current, turning the selecting transistor T12 and the compen-
sation transistor 132 in FIG. 20 to an OFF state, and turning
the light emitting control transistor T2 to an ON state.
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In addition, the pixel circuit P21 in FIG. 17 may be oper-
ated as a method of driving shown in F1G. 4 to FIG. 10 and an
illustration thereof in JP-A-2013-088611.

In addition, specific description of a constituent material, a
shape, an arrangement, a size, a film thickness, or the like of
various kinds of electrodes, wirings, transistors, capacitive
elements, insulation films, or the like in the light emitting
apparatus from the first embodiment to the third embodiment
described above is only one example and the light emitting
apparatus from the first embodiment to the third embodiment
can be appropriately changed.

The entire disclosure of Japanese Patent Application No.:
2014-009767, filed Jan. 22, 2014 is expressly incorporated by
reference herein.

What is claimed is:

1. A light emitting apparatus comprising:

apixel circuit which is provided with a plurality of transis-
tors including a first transistor and a light emitting ele-
ment in which a current is supplied by the first transistor,

wherein, in at least one of the plurality of transistors, a
wiring is connected to a gate electrode at a position
overlapping a channel region in plan view, the gate elec-
trode and the channel region having an approximately
same area in plan view.

2. The light emitting apparatus according to claim 1,

wherein the plurality of transistors include a selecting tran-
sistor provided between a gate of the first transistor and
a signal line for inputting a signal into a gate of the first
transistor, and

wherein, in the selecting transistor, a wiring is connected to
a gate electrode at a position overlapping a channel
region in plan view.

3. The light emitting apparatus according to claim 1,

wherein the plurality of transistors include a compensation
transistor provided between a gate of the first transistor
and one current terminal of the first transistor, and

wherein in the compensation transistor, a wiring is con-
nected to a gate electrode at a position overlapping a
channel region in plan view.

4. The light emitting apparatus according to claim 1,

wherein the plurality of transistors include a light emitting
control transistor provided between the first transistor
and the light emitting element, and

wherein, in the light emitting control transistor, a wiring is
connected to a gate electrode at a position overlapping a
channel region in plan view.

5. The light emitting apparatus according to claim 1,

wherein the plurality of transistors include a reset transistor
for feeding a predetermined reset potential in the light
emitting element, and

wherein in the reset transistor, a wiring is connected to a
gate electrode at a position overlapping a channel region
in plan view.

6. The light emitting apparatus according to claim 1,

wherein, in the first transistor, a wiring is connected to a
gate electrode at a position overlapping a channel region
in plan view.

7. The light emitting apparatus according to claim 6,

wherein the pixel circuit has a characteristic compensation
circuit.

8. The light emitting apparatus according to claim 1,

wherein the wiring is provided on a different layer from
that on which the plurality of transistors are provided.

9. The light emitting apparatus according to claim 8,

wherein the wiring overlaps at least two of the plurality of
transistors in plan view.
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10. A light emitting apparatus comprising:

apixel circuit which is provided with a plurality of transis-
tors including a first transistor, a light emitting element
in which a current is supplied by the first transistor, and
a second transistor provided between the first transistor
and the light emitting element, and

wherein, in the second transistor, a wiring is connected to a
gate electrode at a position overlapping a channel region
in plan view, the gate electrode and the channel region
having an approximately same area in plan view.

11. The light emitting apparatus according to claim 1,

wherein a position at which the wiring in the gate electrode
is connected is closer to a current terminal of the side
which becomes a high potential of a pair of current
terminals with the gate electrode therebetween.

12. The light emitting apparatus according to claim 1,

wherein the light emitting element is an organic electrolu-
minescence element.
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13. An electronic device comprising:
the light emitting apparatus according to claim 1.
14. An electronic device comprising:
the light emitting apparatus according to claim 2.
15. An electronic device comprising:
the light emitting apparatus according to claim 3.
16. An electronic device comprising:
the light emitting apparatus according to claim 4.
17. An electronic device comprising:
the light emitting apparatus according to claim 5.
18. An electronic device comprising:
the light emitting apparatus according to claim 6.
19. An electronic device comprising:
the light emitting apparatus according to claim 7.
20. An electronic device comprising:
the light emitting apparatus according to claim 8.
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